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INTRODUCTION 42
From an environmental and a human point of view, rain is one of the fundamental 43 processes of the hydrologic cycle. Rain is the water source of the natural vegetation and 44 crops. It is also the origin of the majority of the domestic consumption water as well as 45 in the industry, services, etc. Finally, it is possible to mention to rain like origin of 46 lack of rain during summer are only modified for the appearance of cold air at high 92 altitude causing isolated storms which are the only precipitations of this period. The 93 transition between winter and summer takes place gradually, with alternation of raining 94 days caused by the Atlantic influence and with dry days caused by dorsal anticyclones 95 (Gobierno de Navarra, 2001 As it has been stated in 2.1, the precipitation occurrences in Pamplona are related to
GPS atmospheric water vapor content determination 116
The effect of the troposphere causes a delay in the propagation of microwave signals 117 that, in mid latitudes, results in a displacement in the zenith direction of about 2.4 m 118 (Boehm et al., 2005) . Total tropospheric delay is the sum of two components: first one 119 is the hydrostatic component caused by the atmosphere dry gases, named Zenital 120
Hydrostatic Delay (ZHD). This component is very steady and contributes with more 121 than 90% of the total tropospheric effect. It is directly proportional to the ground 122 atmospheric pressure and it can be determined with accuracy better than 1% using the 123 Saastimoinen model (Saastamoinen, 1972) . The second component is the wet one 124 known as Zenital Wet Delay (ZWD). It is caused mainly by the atmospheric water 125 vapor content and to a lesser extent to the liquid water in the atmosphere. It is 126 responsible for most of the variations on the ZTD values and because of the 127 heterogeneity of the water vapor content in the atmosphere it isn't possible its 128 modelation with the required accuracy (Haase et al., 2003) . 129
The relation between Precipitable Water (PW) and ZWD is given by the formula 133
where PW is the atmospheric water vapor content expressed as Precipitable Water in 137 millimeters of water column and Π is an empirical term that is dependent on the average 138 temperature of the atmospheric cross section (Haase et al., 2003; Champollion et al.,7 The GPS data used to monitor the PW content were 24-hour rinex files with a sampling 141 rate of 30 s from the GPS reference stations available in Pamplona, located 500 m far 142 from the meteorological station meteorological and Santander and Zaragoza GPS sites. 143
Data were processed using the Gamit v-10.40 program (Herring et al., 2006) . Gamit 144 parameterizes the ZTD as a stochastic variation of the Saastimoinen model with 145 piecewise linear interpolation in between the solution epochs. The variation is 146 constrained to a Gauss-Markov process with an a priori power density. We used three 147 12-hour slicing window in each day to get hourly PW values, removing the first and the 148 last values from each slicing window to avoid the edge effect of the Gauss-Markov 149 process (Jin et al., 2007) . The computation strategy was the usual in this kind of 150 calculations, and it is shown in table 2 (Champollion et al., 2004; Cucurull et al., 2004; 151 Brenot et al., 2006; Jin et al., 2007) . 152 
153

RESULTS 156
GPS and radiosounding PW analysis 157
To verify the calculation's strategy goodness, RS PW registered series and the GPS PW 158 estimated values were analyzed. In the case of Santander, the available series Over the whole set of data the values of each month and the observed rains are showed.
Circles represent the minimum area including the 50% of the monthly observed rains. 
